The inwards scattering of planetesimals towards white dwarfs is expected to be a stochastic process with variability on human time-scales. The planetesimals tidally disrupt at the Roche radius, producing dusty debris detectable as excess infrared emission. When sufficiently close to the white dwarf, this debris sublimates and accretes on to the white dwarf and pollutes its atmosphere. Studying this infrared emission around polluted white dwarfs can reveal how this planetary material arrives in their atmospheres. We report a near-infrared monitoring campaign of 34 white dwarfs with infrared excesses with the aim to search for variability in the dust emission. Time series photometry of these white dwarfs from the United Kingdom Infrared Telescope (Wide Field Camera) in the J, H and K bands were obtained over baselines of up to three years. We find no statistically significant variation in the dust emission in all three near-infrared bands. Specifically, we can rule out variability at ∼ 1.3% for the 13 white dwarfs brighter than 16th mag in K band, and at ∼ 10% for the 32 white dwarfs brighter than 18th mag over time-scales of three years. Although to date two white dwarfs, SDSS J095904.69−020047.6 and WD 1226+110, have shown K band variability, in our sample we see no evidence of new K band variability at these levels. One interpretation is that the tidal disruption events which lead to large variabilities are rare, occur on short time-scales, and after a few years the white dwarfs return to being stable in the near-infrared.
INTRODUCTION
The atmospheres of polluted white dwarfs have been interpreted as evidence for the survival of outer planetary systems to the white dwarf phase. Observations suggest that between 25-50% of white dwarfs display elements heavier than helium in their atmospheres (Zuckerman et al. 2003 Koester et al. 2014) . The rapid gravitational settling times in comparison to the white dwarfs' cooling age implies ongoing accretion from a reservoir (Koester 2009 ).
The favoured theory regarding the pollution source is that it originates from planetesimals scattered on eccentric orbits towards the white dwarf where they tidally disrupt, and subsequently accrete on to the atmosphere of the white dwarf. These planetesimals have masses comparable to solar system asteroids (Debes & Sigurdsson 2002; Jura 2003; Farihi et al. 2010a; Jura & Young 2014; Veras et al. 2014) . Spectroscopic studies of polluted white dwarfs enable the chemical compositions of the polluting bodies to be determined. These systems uniquely allow the measurement of the bulk compositions of extrasolar planetesimals (e.g. Klein et al. 2011; Jura et al. 2012 ). To date, 20 different heavy elements have been detected in polluted white dwarfs; in a given star (GD 362) the most heavy elements detected is 19 (e.g. Zuckerman et al. 2007; Xu et al. 2013; Melis & Dufour 2016; Xu et al. 2017) . The abundances resemble solar system analogues, with most pollutants resembling bulk Earth to zeroth order. Some bodies also show evidence for differentiation, posing questions about collisional processing (e.g. Hollands et al. 2018; Harrison et al. 2018) .
In addition to atmospheric pollution, G29-38 was the first polluted white dwarf also discovered to show an infrared excess (Zuckerman & Becklin 1987) . Follow up observations confirmed its dusty nature (Graham et al. 1990) . Spitzer drastically increased the number of dust detections around polluted white dwarfs. To date, Spitzer has confirmed that nearly 40 white dwarfs display an infrared excess from dust; this is calculated as between 1.5% and 4% of white dwarfs (e.g. Becklin et al. 2005; Kilic et al. 2006; Jura et al. 2007b; Rebassa-Mansergas et al. 2019; Wilson et al. 2019) . The temperature of the excess infrared emission is of the order 1000 K (e.g. Jura et al. 2007a) , demonstrating the dust lies close to the host star. Eight of the white dwarfs with dust also show evidence of circumstellar gas in emission near the same radius as the dust (Gänsicke et al. 2006 (Gänsicke et al. , 2007 (Gänsicke et al. , 2008 Melis et al. 2010; Farihi et al. 2012; Melis et al. 2012; Brinkworth et al. 2012; Debes et al. 2012b) .
Additional support for the asteroid tidal disruption model is the discovery of disintegrating planetesimals transiting the polluted and dusty white dwarf WD 1145+017 (Vanderburg et al. 2015) . The deepest transit of this star has a period of 4.5 hours and blocks 60% of the flux from the star in the optical (Rappaport et al. 2016; Gary et al. 2017) . Another white dwarf, ZTF J013906.17+524536.89, has also been discovered with transit features. The transits cause 30-45% drops in the optical flux, and are separated by 110 days (Vanderbosch et al. 2019) .
For the asteroid tidal disruption model, planetary bodies need to be scattered inwards from the surviving outer planetary system of the white dwarf. There are many dynamical mechanisms which can perturb planetesimals on to star-grazing orbits, the favoured theories cite planets as the source. Stellar mass loss can induce instabilities whereby a planet or planets perturb planetesimals on to star-grazing orbits (Debes & Sigurdsson 2002; Bonsor et al. 2011; Veras et al. 2011; Debes et al. 2012a; Mustill et al. 2018) . Gänsicke et al. (2019) found evidence for the presence of a closein planet around a white dwarf, demonstrating planets can survive to the white dwarf phase. Alternative mechanisms to scatter planetesimals include: perturbations due to wide binary companions (Hamers & Portegies Zwart 2016; Veras et al. 2016; Petrovich & Muñoz 2017; Stephan et al. 2017; Smallwood et al. 2018) , although Wilson et al. (2019) suggest these may be unimportant, and the liberation of exomoons (Payne et al. 2016) .
The scattering of planetary bodies that leads to the pollution is expected to be a stochastic process (Wyatt et al. 2014) , with variability predicted on human time-scales. Variations could come in the form of gaseous emission, dusty emission, or total flux caused by transiting debris (as mentioned previously); we may observe variability at optical and infrared wavelengths. These examples have all been seen in polluted white dwarf systems. Variability in the dust emission has been seen for a few white dwarfs. SDSS J095904.69−020047.6 (hereafter WD J0959−0200) and WD 1226+110 demonstrated large drops in dust flux (Xu & Jura 2014; Xu et al. 2018b) , whilst WD 0408−041 among other white dwarfs show both increases and decreases in the flux (Farihi et al. 2018; Swan et al. 2019; Wang et al. 2019 ). Vari-ability in the strength of the 10µm dust feature has also be seen for G29-38 (Xu et al. 2018b) . Variability in the circumstellar gaseous material has been observed for a handful of white dwarfs (Wilson et al. 2014 (Wilson et al. , 2015 Manser et al. 2015 Manser et al. , 2016 Dennihy et al. 2018) , this is mostly attributed to the precession of eccentric rings, or planetesimals orbiting within the debris ).
The first white dwarf discovered to show dust emission variability was WD J0959−0200. The 3-5 µm flux dropped by 35% between observations separated by a year and appeared to be stable afterwards, and the near-infrared K band flux dropped by 18.5% between observations separated by 8 years (Xu & Jura 2014) . The large K band excess for this white dwarf means the dust is hot and close in. These findings imply the variability event was large and became stable quickly. Motivated by the large variability in WD J0959−0200, we present a study to search for near-infrared variability in 34 white dwarfs with infrared excesses. We aim to characterise how white dwarfs vary in the near-infrared in order to better understand how dusty material arrives in the atmospheres of the white dwarfs.
This paper is structured as follows. Section 2 describes the infrared monitoring campaign over three years for 34 white dwarfs with infrared excesses using the UK Infrared Telescope (UKIRT). Section 3 describes the variability analysis method and the results of this analysis. Section 4 discusses further interpretations from the UKIRT survey and the link with the mid-infrared. Section 5 describes the main conclusions from the study.
UKIRT INFRARED MONITORING CAMPAIGN
An infrared monitoring campaign was completed using the Wide Field Camera (WFCAM) on the UKIRT on Maunakea, Hawaii. WFCAM operates in the near-infrared between 0.83 and 2.37 µm; this includes the J, H and K filters (Hewett et al. 2006 ). WFCAM has four detectors composed of 2048 by 2048 18 micron pixels, with a pixel scale of 0.4 . Our sample consists of 34 white dwarfs with infrared excesses. Table 1 shows our sample, giving the white dwarf parameters and the nature of the infrared excess. In our sample, 30 white dwarfs have dust emission confirmed with Spitzer observations, the 4 remaining objects are identified by WISE and are labelled as dust candidates. JHK broadband photometry was obtained for the 34 targets with the UKIRT. 48 hours of UKIRT WFCAM time between semesters 2014B and 2017A were used to study long-term variability in the near-infrared. The dates of the observations for the 34 white dwarfs are shown in Table A1 .
Each white dwarf was observed up to 6 times across the 3 year campaign. Our observations probed short time-scales (minutes) between individual frames taken on a given night, and long time-scales (years) between observation dates. Further discussions about time-scales are given in Section 4.3.
The observations were designed such that a signal-to-noise ratio (SNR) of 30 was obtained for the J and H bands, and 40 for the K band over the set of observations for that filter. To achieve the required SNR, the brightest white dwarfs in the sample required 25 s of exposure time for the J and H band, and 75 s for the K band. For the faintest white † For the nature of the infrared excess: if the white dwarf has a dust detection confirmed with Spitzer observations, it is labelled 'dust' and the reference is that of the Spitzer observations, otherwise it is a candidate, and it is labelled 'cand', so the reference highlights the paper at which the dust emission is first referred. WD 1554+094 has a brown dwarf companion and dust. dwarfs, this required 150 s for the J band, 450 s for the H band, and 1250 s for the K band. As the infrared sky is bright, each frame consisted of a dithered stack of five 5 s or 10 s exposures. Table A2 shows the exposure time for each of the five individual exposures making up the dithered stack. All data obtained with WFCAM were pipeline-processed by the Cambridge Astronomical Survey Unit using standard infrared photometry data reduction steps (CASU, Irwin et al. 2004; Dye et al. 2006 ).
Further processing using the lightcurves software 1 was executed to improve the precision of the photometry (Irwin et al. 2007 ). List driven photometry was performed using a master frame to force the centroid positions for the objects. Here, the master frame is the stacked image of all frames; this increases the SNR of the master frame and reduces errors associated with inaccurately placed centroids. Each frame used in the construction of the lightcurves is re-aligned to the same set of astrometric calibrators (from 2MASS) as the master frame, which gives significantly improved precision in aperture location when compared to centroiding for faint sources (see Irwin et al. 2007) . For a particular object, all frames had an aperture between 3-5 pixels (1.2-2 ), depending on which aperture gave the lowest RMS value. Using a large number of non-variable stars, the zeropoint shift for each frame was calculated to reduce atmospheric effects, and a 2D polynomial was fitted to the magnitude residuals to minimise the error associated with the position on the detector. lightcurves outputted a robustly calibrated light curve for each filter and for each object in the catalogue list. For variability searches this is essential as it allows us to probe changes down to the percent level.
VARIABILITY ANALYSIS

Analysis Method
This work aimed to obtain high precision JHK photometry of a sample of dusty white dwarfs and to search for and constrain the level of variability in the photometry over the length of the survey. Throughout the analysis the Vega magnitude system was adopted. In order to robustly study the statistics of the photometry, the same analysis method was applied to all white dwarf observations regardless of the magnitude of the white dwarf and the number of measurements in the J, H and K bands. Gaussians were fitted to the distribution of photometrically corrected magnitudes from the lightcurves software using all dithered stacked frames, as demonstrated in Fig. 1 . The total number of dithered stacked frames for each filter is shown in Table A2 , this ranges from 3 to 125, with the median number of frames for the J, H and K bands being 9, 12 and 20 respectively. A Markov Chain Monte Carlo (MCMC) approach was implemented to model the magnitude distribution of each star with a Gaussian profile, yielding posterior distributions for the mean and standard deviation thereof. In our analysis, we adopted the median values from the posteriors. Uniform priors were used for the magnitude between 0 and 20, and standard deviation between 0 and 2. We tested larger upper values for the assumed prior range to test the sensitivity on the parameters. The results remained consistent independent of the size of the prior. A python package, pymc (Patil et al. 2010) , was used for MCMC parameter estimation. Five walkers were used, each resulting in 100,000 posterior samples, with the first 40% of the chain being discarded in the burn-in phase. The Gelman-Rubin statistic (Gelman et al. 1992 ) was implemented to check for chain convergence. For the two parameters (magnitude and standard deviation), all white dwarfs had values 1.000 < GR < 1.037 for the J band, 0.999 < GR < 1.002 for the H band, and 1.000 < GR < 1.005 for the K band, demonstrating good convergence. The median value of the posterior distribution of the standard deviation was used for the variability measurement. The errors are quoted using the 16th and 84th percentiles of the posterior distribution. This median variability measurement is a robust and reliable way of measuring variability.
To ensure that any variability detected was real, stellar objects in the field of view were analysed using the same approach for comparison. For all field stars the median value of the standard deviation of the Gaussian as a function of magnitude was used to represent the sensitivity of the survey as a function of magnitude. Using the median ensures no variable field stars are contaminating the function. The white dwarfs were then compared to the median MCMC standard deviation of the non-variable field stars at the same magnitude as the white dwarf. If the standard deviation of the white dwarf was significantly higher than that of the field stars, then they were identified as variable. The field objects selected for the comparison were those classified by lightcurves as stellar and those observed in the same detector as the white dwarf. The number of field stars used in the comparison for each white dwarf ranged from 110 for white dwarfs in sparse fields of view up to 6700 for white dwarfs in densely populated regions. The median number of field stellar objects used in the comparison for each white dwarf was 210. Table 2 shows the results of the MCMC runs, and lists the median magnitude and median standard deviation on this magnitude for all white dwarfs in the survey. Fig. 2 plots these median magnitudes and standard deviations for the white dwarfs and field stars in the J, H and K bands. Most white dwarfs have standard deviations which are consistent with that of the field stellar objects. This implies that most of the white dwarfs have J, H and K fluxes which are no more variable than the field stars, which we take to be a proxy of the sensitivity of the survey as a function of magnitude.
Variability Results
A typical spectral energy distribution (SED) for a white dwarf that is representative of our sample peaks in the optical, whereas the dust emission peaks in the infrared. Of the near-infrared bands, the K band is more sensitive to the dust emission. Consistent fluxes in the K band imply there was little change in the K band dust emission for the white dwarfs. A few objects stand out from the plots, these objects are discussed further in the following section. We also comment on some previously variable objects from the literature that were observed in this monitoring campaign.
3.3 Discussion of Individual Sources:
WD 1145+017
Vanderburg et al. (2015) discovered that WD 1145+017 is transited by multiple disintegrating planetesimals. The transit periods were approximately 4.5 hours and lasted various lengths from minutes to hours, with varying transit depths, the deepest of which blocks 60% of the flux from the star in the optical. The transits were not always present, and the transit activity level was variable ).
The pink inverted triangle in Figs. 2a, 2b, and 2c show WD 1145+017 was variable at 4.1 σ in the J band, 2.1 σ in the H band, and was not significantly variable in the K band. From the UKIRT light curves of this white dwarf, shown in Fig. 3 , it appears that the J band and possibly H The two different observing modes, with 5 and 10 second frame times, are analysed separately. The density plots on the left hand side show the parameters for all field stellar objects in the field of view, there are of the order 10 4 field stars in each plot. The blue points show the white dwarfs, with the objects discussed in Section 3.3 labelled. The right hand plots show the median magnitude and standard deviation with the 16th and 84th percentile confidence levels for field stars in bins of width 0.5 mag. This forms a distribution about that median which should not comprise contaminant variable stars. The white dwarfs are plotted in black with the same values as in the left hand plots, but also including the 16th and 84th percentiles. This plot can be used to distinguish white dwarfs which are variable from those that follow the field star distribution.
band magnitudes were fainter on 09/05/2017. The J, H and K band observations were taken consecutively, the length of the observations were 3.5, 7.5 and 17 minutes respectively. Therefore, as the median dip duration is 9 minutes , it is possible that the transit occurred during the J band observations, with an overlap into the H band observations. Alternatively, as the variability was strongest in the J band and weakest in the K band it is consistent with the transit depth measurements found in Xu et al. (2018a) , and could also explain the differences in the observed variability. Near contemporaneous optical observations indeed show transits in the light curve (B. Gary, private communications 2 Rappaport et al. 2017) . The decrease in the J and H band flux is very likely to be caused by transits, rather than dust variability.
2 http://www.brucegary.net/zombie6/
WD 0146+187
The object with the most significant deviation in the K band was WD 0146+187. In Fig. 2c the red triangle, which represents this object, shows a 2 σ variability in the K band. There was a flux brightening of 0.14 mag from the 1st to the 2nd stacked frames on 03/10/14. There were no significant variations between the subsequent frames. Further investigations revealed there was nothing anomalous in the pixel map, and objects in the field of view within 100 do not show the same brightening trend. This could be a real change, but as there is only one data point, and the variation is not statistically significant, it is difficult to make any substantial conclusions.
WD J0959−0200
WD J0959−0200 was previously observed to display a 35% flux drop in 2010 in both Spitzer 3.6 and 4.5 µm Infrared Array Camera (IRAC) channels. The K band flux also dropped by 18.5% between 2005 and 2014 (Xu & Jura 2014 ). This variability measurement uses the peak-to-peak method, where the maximum flux change between two frames is quoted. After the Xu & Jura (2014) UKIRT data taken on the 27/03/14, in this work the K band data were consistent between multiple observations spanning 1153 days (Nov 2014 , Feb 2015 , Mar 2016 , May 2016 , May 2017 . The K band flux was stable within 7.5 +1.6 −1.6 % (σ = 0.085 +0.019 −0.019 ) over these observations, seen in Fig. 2c as the yellow pentagon.
WD 1226+110
WD 1226+110 was found with a peak-to-peak drop in flux of 20% in the Spitzer 3.6 and 4.5 µm bands, and 13% in the K band, when comparing the 2007 UKIRT Infrared Deep Sky Survey K band flux with the 2015 UKIRT observation in this work (Xu et al. 2018b ). Since 2015, this UKIRT survey has shown no significant changes in flux for WD 1226+110 between multiple observations separated by 738 days (May 2015, Feb 2016, May 2016, May 2017). The K band flux was stable within 2.7 +1.9 −1.7 % (σ = 0.029 +0.022 −0.019 ) for these observations, seen in Fig. 2c as the gold square.
WD 0408−041
WD 0408−041 (GD56) has previously been observed with dust emission variations at 3-5 µm showing brightening and dimming with peak-to-peak changes of 20% over 11.2 yrs (Farihi et al. 2018) . This was attributed to dust production and consequentially depletion. In this work, the fluxes were found to be consistent between multiple observations separated by 851 days (Oct 2014, Oct 2016, Jan 2017). The K band dust emission appears to be stable within 1.1 +1.2 −0.8 % (σ = 0.012 +0.014 −0.008 ) for these observations, seen in Fig. 2c as Table 3 . The level of variability that can be detected at each magnitude in the K band, calculated from the field stars. The objects which were observed with 5 and 10 second frames were analysed separately. The median percentage variability is quoted for the field stars in bins with a width of one mag, along with the 16th and 84th percentiles. the orange diamond. WD 0408−041 will be discussed again in Section 4.2 in reference to the Spitzer variability.
Expected Variability
We used the UKIRT survey to determine the level at which variability could be detected and ruled out. Table 3 shows the level of variability that can be detected at each K band magnitude. For each non-variable star in the fields of views of the white dwarfs, we have the median standard deviation of the magnitude measurements from the MCMC model. The level of variability is the median value of the non-variable stars' standard deviations, found in magnitude bins with a width of one mag. This median standard deviation was then converted to a percentage in flux space. We can rule out K band flux variability at 1.3 +1.3 −0.5 % for objects brighter than 16th mag in the K band, and at 9.4 +6.2 −3.4 % for objects brighter than 18th mag. Fig. 4 shows a cumulative distribution of the level of variability we rule out for all white dwarfs. In other words, the percentage of white dwarfs where the K band flux was seen to vary by no more than the plotted value. This was calculated as the median standard deviation converted to a percentage in flux space. This was also calculated for the 16th and 84th percentile errors, which is shown as the shaded region in the figure. The K band flux of each white dwarf cannot have varied more than its equivalent standard deviation. Therefore, the K band flux has varied at less than 16.4 ± 2.8% for the entire sample, and less than 2.88 +2.5 −1.9 % for the median case. For greater than 90% of our sample we rule out variability at the 10% level, and for the 10 most constrained cases, we rule out variability at the percent level, 1.57 +1.1 −1.0 %. Fig. 5a shows the percentage variability we rule out for each white dwarf plotted against the maximum time-scale over which that white dwarf was monitored in this survey. For example, for the white dwarf monitored over the longest period, WD 1929+011, we rule out variability at the 0.7 +0.7 −0.5 % level over a time-scale of 1013 days.
There are a handful of objects in the literature with previous detections of a change in their dusty emission, as discussed in Section 3.3. For WD J0959−0200, Xu & Jura (2014) found a drop in K band flux from 57 µJy to 46 µJy which is equivalent to a peak-to-peak drop of 18.5%, and Xu et al. (2018b) found a K band peak-to-peak drop of 13% for WD 1226+110. We note the difficulty in comparing the peak-to-peak variability quoted for these objects with the median variability quoted in this work. With two measure-ments it is not possible to constrain the distribution of fluxes that an object could be demonstrating, so the quoted variability is peak-to-peak. As we have more K band measurements, we use a median variability for all white dwarfs, and compare this to the distribution of the field objects to constrain the level of variability. Typically, peak-to-peak variability is larger than the medium variability that we adopted here. The peak-to-peak variability was also calculated for our sample using the maximum difference between the mean flux at each observation date, and the conclusions are consistent. In this sample we are able to rule out equivalent peak-to-peak variability and median variability for all white dwarfs during the time-scales observed. Our observations of both WD J0959−0200 and WD 1226+110 suggest that we are capable of detecting the same level of variability as observed previously, and yet we detect no such variability during our survey time span for all white dwarfs.
DISCUSSION
K Band Excess
For all objects in the sample, a white dwarf atmospheric model was fitted to find the expected contribution from the white dwarf photosphere to the K band flux. The white dwarf model atmospheres were kindly provided by P. Dufour using models from the Montreal white dwarf group (Bergeron et al. 2011; Coutu et al. 2019 ). The temperature, and log(g) used for the models are shown in Table 1 ; where possible, these parameters were taken from a previous photometric fit. For a number of white dwarfs where no photometric fit was available, we performed a new fit including data from the Gaia Data Release 2 (Prusti et al. 2016; Brown et al. 2018) . The white dwarf radii (R) were determined from the photometric fit and the distances (D) were from the Gaia parallax (except for WD J0959−0200 which was from Farihi et al. (2012) ). The SED fits are shown in Fig. B1 (available online); the photometric fit works well in most cases. Sometimes, additional adjustments were needed in R/D to improve the fits to the Sloan Digital Sky Survey (SDSS) and Pan-STARRS photometry. Those systems often had a large uncertainty in the parallax.
The white dwarf models were convolved with the bandpass of the UKIRT WFCAM K band filter (Hewett et al. 2006) to find the expected flux contribution from the white dwarf photosphere. From this, the excess flux associated with the dust was determined.
White dwarfs are usually photometrically stable and are often used as flux standards. A few white dwarfs in our sample are variable pulsators, however the optical variability is small, typically < 1%. Assuming the white dwarf photosphere displays no flux variations, we can convert the K band variability limit to the dust variability limit,
where σ dust is the variability constraint for the dust, σ K is the variability constraint for the K band (dust and photosphere), F K is the UKIRT K band flux measurement, and F WD is the convolved model flux in the K band for the white dwarf photosphere. This puts a constraint on how much the dust could have changed without being detected in this survey assuming the star remains constant. We use the maximum variability not detected in the K band and convert it to a maximum variability not detected in the dusty emission using equation 1. Fig. 5b is a similar plot to Fig. 5a, but instead showing the level of variability we ruled out for the dusty emission. A K band excess is seen for 23/34 of the white dwarfs, as seen in the SEDs in Fig. B1 (available online) . The 11 white dwarfs without a significant K band excess are: WD 0106−328, WD 0300−013, WD 0307+077, WD 1041+092, WD 1225−079, WD 1456+298, WD 2132+096, WD 2221−165, WD 2328+107, WD 1504+329, and WD 1551+175. For the 23 objects with significant K band excess, we put limits on how much dust variation could be hidden from detection. For 11 white dwarfs (∼ 50% of the sample with significant K band excesses) we constrained dust changes to be less than 10%, demonstrating the dust emission was stable over the course of the monitoring period. For the 11 systems where the K band excess is negligible, the dust variability constraint would have been 100%. For these objects we were only sensitive to an increase in dust emission, not a decrease. Therefore, the dust could have completely disappeared, and we could not distinguish this from the dust displaying no variability. For those with no significant K band excess, it is imperative to go to the mid-infrared for dust variability searches.
Expected Variability at 4.5 µm
Using the variability constraint derived from our UKIRT survey, we can predict the expected variability at 4.5 µm by assuming the dust emission has a constant colour temperature (i.e., the change is due to the amount of dust, not the location). So the shape of the dusty emission is assumed to remain constant, such that the percentage change of the dusty emission at K wavlengths can be equalled to the percentage change at 4.5 µm. Paralleling the K band analysis and equation 1, we can calculate the expected variability at Spitzer 4.5 µm wavelengths,
where σ [4.5] is the predicted variability constraint for the 4.5 µm Spitzer waveband, σ dust is calculated from the K band using equation 1, F [4.5] is the 4.5 µm Spitzer flux, and F WD is the convolved model flux in the 4.5 µm band for the white dwarf photosphere. Fig. 6 shows the K band variability constraint, converted into a Spitzer 4.5 µm band variability constraint using equation 2. The Spitzer data was taken from the references listed in Table 1 . If there was no Spitzer 4.5 µm data available then WISE 4.6 µm data was used instead. The dust excess at 4.5 µm is larger than that at the K band, therefore, the variability constraint in flux units will be larger for 4.5 µm, as seen in the figure. Those white dwarfs with negligible K band excess are excluded from this study. For those 23 white dwarfs with significant K band excess, at Spitzer wavelengths we predict that variability can be ruled out above 10% for ∼60% of our sample, above 20% for ∼ 85% of our sample, and above 36% for all our sample.
A particular application using our survey can be applied to WD 0408−041 system. Farihi et al. (2018) found the dust emission of WD 0408−041 to increase and decrease with a peak-to-peak variability of 20% over ∼ 11 years. As can be seen from Fig. B1 (available online) , the SED of WD 0408−041 demonstrates a large K band excess. Therefore, any variability observed at mid-infrared wavelengths should be mimicked at a lower level in the K band, unless there is a colour change associated with the flux change. Fig. 7 shows the light curve for WD 0408−041 over approximately four years showing Spitzer, WISE and UKIRT K band data. The drop in mid-infrared flux is evident. We do not have UKIRT K band observations which cover the full mid-infrared timescale, as shown by the blue shaded region. Using equations 1 and 2, the K band variability we ruled out using the UKIRT survey is scaled up to mid-infrared wavelengths. The change in the Spitzer 4.5 µm flux is consistent with the variability constraint derived from the K band data, implying that the variability could be consistent with the same colour temperature of the dust emission during the three year UKIRT survey. However, if we look across the four year baseline, even at 3 σ, the Spitzer flux values lie outside of the shaded region, i.e. prior to 56880 MJD and after 58100 MJD. The most significant drop in Spitzer flux was around 58100 days. We do not have simultaneous K band observations, with the closest K band measurement being over a year previous to this. There is previous evidence that large scale flux changes can occur on time-scales of less than a year (Xu & Jura 2014) . A further K band measurement is needed in order to understand whether the K band flux also dropped around MJD58100, or if there is a colour change associated with this variability. We considered a toy model where the K band flux of every white dwarf varies as a step function by ∆%, every t days. We calculated the probability of detecting this variability in this UKIRT survey. Each white dwarf has a minimum detectable variability which is 3 σ above the median variability of the field stars at the same magnitude as the white dwarf, where σ is the standard deviation on this median variability. If ∆ was smaller than the minimum detectable variability for that white dwarf, the probability of detection was 0. For every combination of ∆ and t, the light curve was randomly sampled 1000 times for each white dwarf using the UKIRT sampling times to calculate the probability that if it were varying in this manner, it would have been detected in this survey. By averaging over all 34 white dwarfs at each ∆ and t, the overall probability of detection was deduced, as shown in Fig. 9 . The colour scheme represents the probability that the UKIRT survey would have detected that combination of ∆ and t if all white dwarfs varied in this way. The highest probability time-scales show that our survey was sensitive to variability over days, and years. We can rule out models where all white dwarfs vary on time-scales of ∼ 1-2 years with large amplitudes. However, we cannot rule out models where white dwarfs vary on time-scales much longer than this, or with smaller amplitudes (< 10%). This may explain why some objects from the literature which have been previously found to vary, are consistent with little or no variability in this survey. For example, using seven years of WISE data, Swan et al. (2019) found variability in a number of dusty white dwarfs. Using this model we can see that for these longer time-scales, we have less than a 30% chance of detecting variability. 
Variability Time-scales
Implications
The leading explanation for white dwarf pollution cites asteroids as the source which are scattered inwards stochastically. How frequently these asteroids are scattered inwards remains an open question, with debate in the literature between whether pollution is caused by a single large body, or many small bodies (e.g. Jura 2008; Jura et al. 2009b; Wyatt et al. 2014 ). Wyatt et al. (2014) presented a model whereby white dwarf pollution is explained by a continuous stream of many small asteroids, with the stochastic scattering of the largest bodies dominating the accretion rates. In this model, the lifetime of the dusty material is a free parameter, with a best-fitting value of 20 years. Our survey would be unlikely to detect variations on such long time-scales. However, if the disc lifetime was instead an order of magnitude smaller (∼ 2 years), large amplitude variations in the infrared flux on these time-scales would be expected. In our survey, we rule out large variability over these time-scales. Therefore, the results of this survey provide further evidence in support of long (> 3 year) lifetimes for the dusty material around white dwarfs. It also demonstrates that disruption events large enough to be detectable in the infrared do not regularly occur on short time-scales such as years. This is crucial, as for many highly polluted DA white dwarfs, material can sink out of the atmospheres on time-scales of days to years. This work provides observational evidence that dusty material has a lifetime of at least 2-3 years. Therefore, we highlight the need for further monitoring in the infrared to discover the frequency of scattering events.
CONCLUSIONS
Infrared studies are crucial for understanding the accretion processes associated with polluted white dwarfs. This work reports a near-infrared J, H, and K band monitoring campaign with the UKIRT, completed over three years which studied 34 polluted white dwarfs with infrared excesses. High precision J, H, and K band photometry was reported for the white dwarfs in the sample, for many of these objects high precision photometry is not previously reported. The main results are summarised as follows.
(i) The K band flux was stable within the error of the survey for all observations of the white dwarfs, where the observation sampling rates were on the order of minutes and years. Of the near-infrared bands, the K band is the most sensitive to the dust. We ruled out median K band variability greater than 16.4 +2.8 −2.8 % for the faintest white dwarf in the sample and less than 2.88 +2.5 −1.9 % for half of our sample. For > 90% of our sample we ruled out variability at the 10% level, and for our 10 most constrained white dwarfs we ruled out K band variability at the percent level, < 1.57 +1.1 −1.0 %. (ii) WD J0959−0200 and WD 1226+110 have previously exhibited variability in their dusty emission as seen at the K band (18.5% for WD J0959−0200 and 13% for WD 1226+110) and Spitzer 3.6 and 4.5 µm bands. These objects did not display any significant variability in our study. For most of our sample (except our faintest object, WD 1554+094) we ruled out similar K band variability to these white dwarfs. This highlights that these large K band variability events are rare.
(iii) Assuming the dust emission does not change its colour temperature, we predicted variability at 4.5 µm based on the K band variability. We found that the white dwarfs should not vary at 4.5 µm above 10% for ∼ 60% of our sample, above 20% for ∼ 85% of our sample, and above 36% for all our sample.
(iv) We demonstrated that any white dwarf with large amplitude (> 20%) near-infrared variability on short (< 3 year) time-scales should have been found with this survey. This implies that major tidal disruption events that lead to white dwarf pollution occur less frequently than every three years, and are consequently rare. Infrared variability around white dwarfs with infrared excesses does exist as revealed by other observations. The constraints provided from our K band survey imply that such events, if they occur, do so on short time-scales, and quickly become stable within a few years.
(v) Ground based near-infrared searches for white dwarf dust variability are fruitful, and as demonstrated in this survey can search for variability down to the percent level for the brightest sources. This survey was not sensitive to long time-scale (> 3 year) variability and, therefore, we highlight the need for long-term monitoring of white dwarfs with infrared excesses to fully understand these highly enigmatic and dynamic systems. .  Table A2 . All the polluted white dwarfs with an infrared excess observed with the UKIRT survey and the total number of frames. Each frame consists of a dithered stack of 5 exposures, each with the corresponding frame time of 5 or 10 seconds. FT = frame time for each individual exposure in the dithered stack, FN = total number of dithered stacks over all observations. WD Name FT J (secs) FN J FT H (secs) FN H FT K (secs) FN K WD 0010+280 5 6 10 6 10 10 WD 0106−328 5 6 5 6 5 6 WD 0146+187 5 6 5 6 5 6 WD 0300−013 5 6 5 6 5 9 WD 0307+077 5 6 10 6 10 10 WD 0408−041 5 9 5 9 5 9 WD 0435+410 5 3 5 3 5 9 WD J0738+1835 10 9 10 27 10 75 WD J0959−0200 10 9 10 27 10 75 WD 1015+161 5 6 5 6 10 6 WD 1018+410 5 6 10 6 10 10 WD 1041+092 10 9 10 21 10 51 WD 1116+026 5  12  10  12  10  20  WD 1456+298  5  3  5  3  5  6  WD 1504+329  10  9  10  27  10  75  WD 1536+520  10  12  10  28  10  68  WD 1551+175  10  12  10  28  10  68  WD 1554+094  10  15  10  45  10  125  WD J1617+1620  5  19  10  23  10  45  WD 1729+371  5  19  5  19  10  23  WD 1929+011  5  6  5  10  5  20  WD 2132+096  5  20  5  22  10  26  WD 2207+121  10  18  10  36  10  76  WD 2221−165  5  6  5  6  5  6  WD 2326+049  5  3  5  3  5  9  WD 2328+107  5  19  5  19  5  23 MNRAS 000, 1-14 (2019) Figure B1 . Figure B1 . Figure B1 . Figure B1 . Figure B1 . The spectral energy distributions for the 34 white dwarfs in this sample. The temperature and log(g) used within the models are shown. R/D is the scaling factor used for the radii/distance needed in order for the models to fit the SDSS or Pan-STARRS optical data. The 11 white dwarfs without a significant K band excess are: WD 0106−328, WD 0300−013, WD 0307+077, WD 1041+092, WD 1225−079, WD 1456+298, WD 2132+096, WD 2221−165, WD 2328+107, WD 1504+329, and WD 1551+175.
